A new species of the genus Mutinus has been found in the semiarid region of Northeastern Brazil. Mutinus albotruncatus is described macro-and microscopically, and is characterized by the white pseudostipe and truncated apex. Molecular and ecological data are also provided. Phylogenetic analyses, based on LSU (large subunit of nuclear ribosomal DNA) and atp6 (subunit 6 of ATP synthase) sequences, support the inclusion of this new species in the genus Mutinus. A provisional key to the species of Mutinus known in the world is proposed.
Introduction
The genus Mutinus Fries (1849: 434) belongs to the family Phallaceae Corda (1842: 29) , of the order Phallales Fischer (1898: 276) , and the Subclass Phallomycetidae Hosaka, Castellano & Spatafora (2006: 955) (Hosaka et al. 2006) . It is characterized by presenting a globose to ovoid, white to yellowish immature basidiome basally attached by white rhizomorphs; with a mucilaginous layer inside, splitting at the apex into two or three lobes and finally collapsing against the base of the spongy pseudostipe, cylindrical to fusiform, hollow, perforated or not at the tip; gleba mucilaginous, covering the apical portion of the pseudostipe; and elliptical and smooth basidiospores (Bottomley 1948 , Dring 1964 , Liu 1984 , Pegler et al. 1995 , Calonge 1998 . Cunningham (1944) separates the species of the genus into three sections: Glabrosi, characterized by the fertile portion smooth or rugulose; Granulosi, with fertile portion with irregular pseudoparenchymatous processes, appearing pseudo-reticulate; and Tuberculosi, with fertile portion covered with digitate processes. Mutinus is close to Phallus Junius ex Linnaeus (1753 Linnaeus ( : 1178 , differing by the presence of gleba on the receptacle on the apical part of the pseudostipe in Phallus (Calonge 1998) .
According to Index Fungorum (http://www.indexfungorum.org/Names/Names.asp-accessed April 2015) and MycoBank (http://www.mycobank.org/-accessed April 2015) there are 36 species of Mutinus described to date. Mutinus caninus (Huds.) Fries (1849: 434) is the type species of the genus and six synonyms may be considered: Aedycia Rafinesque (1808: 358) , Caromyxa Montagne (1856: 281) , Corynites Berk. & M. A. Curtis (1853: 136) , Cynophallus (Fr.) Corda (1842: 29) , Floccomutinus Hennings (1895: 109) , and Jansia Penzig (1899: 139) (Kirk et al. 2008) . The genera Jansia and Floccomutinus have been shown molecularly to belong to the genus Mutinus (Degreef et al. 2013 , Trierveiler-Pereira et al. 2014 .
Seven Mutinus species are recorded from Brazil, distributed throughout the Northeast, North, and South Regions of the country. The first species was Mutinus bambusinus (Zoll.) E. Fischer (1886: 30) , cited by Möller (1895) and Rick (1961) , followed by M. borneensis Cesati (1879: 13) , M rugulosus Rick (1929: 300) (Rick, 1961) , M. argentinus Spegazzini (1887: 62) (Meijer 2006 , Magnago et al. 2013 , M. caninus (Baseia et al. 2006 , Trierveiler-Pereira et al. 2011 , Magnago et al. 2013 , M. elegans (Mont.) E. Fischer (1888: 13) (Cortez et al. 2008) , and M. fleischeri Penzig 1899: 137) (Cabral et al. 2014) . Of those, according to Möller (1895) and Liu (1984) , M. argentinus is considered synonymous with M. bambusinus, while Dring & Rose (1977) argue that the true M. bambusinus has a longer, often more strongly colored fertile portion, with a much more marked sterile tip than M. argentinus. In the Northeast Region of Brazil, only M. argentinus and M. caninus have been recorded, growing in vegetated areas of Atlantic forest from the state of Rio Grande do Norte.
During our studies on gasteroid fungi in Brazil, we collected specimens (UFRN-Fungos 2025) of a taxon of Phallaceae with a lignicolous habitat, and the morphological characters of the genus Mutinus, although the apical portion of the pseudostipe resembles species of the genus Phallus. In order to clarify the phylogenetic position of these specimens, sequences of LSU (large subunit of nuclear ribosome DNA) and atp6 (subunit 6 of ATP synthase) were compared with homologous sequences from GenBank published by Degreef et al. (2013) and Hosaka et al. (2006) , and newly generated sequences from other Mutinus species from Brazil. Morphological characters were also compared with all the species of the genus Mutinus described to date. Thus, after seven decades, a new Mutinus species is described. Moreover, a provisional key for all known species of the genus Mutinus is proposed (not considering the synonyms).
Materials and methods

Morphological analysis
The specimens studied were collected in the Floresta Nacional do Araripe (FLONA Araripe), State of Ceará, Brazil (7°11'42"S, 39°13'28"W), located in a semiarid region (Ministério do Meio Ambiente 2004) . The macroscopic analyses were performed on fresh material, using a stereoscopic microscope. Colors were standardized according to Kornerup & Wanscher (1978) . For the analysis of microstructures, hand-cut sections of dried material were mounted in 5% KOH, Melzer's reagent and Congo Red for light microscopic examination. We measured 20 of each of the following structures: the basidiospores, the pseudoparenchymatous cells of the pseudostipe, the hyphae of the volva, and the hyphae of the rhizomorphs. The material was deposited in the Herbarium UFRN at the Universidade Federal do Rio Grande do Norte, Brazil. Herbarium acronyms are according to Thiers (2015) .
DNA extraction, PCR amplification, and DNA sequencing DNA was extracted from fresh basidiomata of collection UFRN-Fungos 2025 (Table 1) , following Silva et al. (2013) . Since very few Mutinus sequences were found in GenBank, DNA was isolated from two other Mutinus collections kept at the UFRN-Fungos herbarium. The LSU and atp6 regions were amplified using previously described primers LR0R/ LR5 (Vilgalys & Hester 1990 ) and ATP6-1/ATP6-2 (Kretzer & Bruns 1999) . PCR amplifications were performed with 50ng of DNA in a basic reaction of 0.5µl of each 10µM primer, 0.8µl of dNTP's (10mM), 0.08µl of 5U/µl KAPA Taq Standard (KAPA Biosystems), 2µl of KAPA Taq Buffer A (10X, with 1.5 mM MgCl2 at 1X) and 1.5µl of 25mM MgCl 2 for atp6 PCR reactions. The atp6 amplifications were done following thermal cycling conditions of Kretzer & Bruns (1999) , while LSU cycling parameters were 1 cycle of 94ºC for 3 min., 35 cycles of 94ºC for 1 min., 53ºC for 30 sec. and 72ºC for 1 min., and final extension of 72ºC for 10 min. The PCR reactions were confirmed in a 1.5% agarose gel, stained with GelRed™ (Biotium, City, Country) and examined under UV light. The PCR fragments were purified using FastAP™ (Thermo Scientific, City, Country), following the manufacturer's instructions. Sequencing reactions were performed with BigDye® Terminator v3.1 Cycle Sequencing Kit with the same primers as in the PCR, and submitted to ABI 3500 Genetic Analyzer. The barcoding sequence (ITS: internal transcribed spacer nrDNA, Schoch et al. 2012 ) of the new species was deposited in GenBank. Sequence alignment and phylogenetic analysis Sequences were visualized in ChromasPro v 1.7.6 (Technelysium Pty Ltd, City, Country) and assembled in Geneious XX. The newly generated atp6 and LSU sequences and those selected from Genbank (Table 1) were aligned and manually edited in MEGA v. 5.2 (Tamura et al. 2007) , resulting in two different matrices. Dataset congruence was analyzed using a preliminary parsimony bootstrapping in PAUP* v.4.0b10 (Swoford 2003) , and performing 1000 non-parametric replicates (Felsenstein 1985) with the "fast" stepwise-addition option. Conflicts among datasets were considered according to Hillis & Bull (1993) . Since no conflicts were detected, the datasets were concatenated to reconstruct the phylogenetic trees. The concatenated alignment was analyzed by maximum parsimony (MP), using PAUP* v.4.0b10, and Bayesian inference, using Mr. Bayes 3.2.5 (Ronquist et al. 2012) . The MP analysis was conducted under heuristic searches with TBR branch swapping algorithm and initial tree obtained by stepwise addition with random addition of 100 times repeated sequences and 1000 replicates as bootstrap (bs) settings.
In the Bayesian analysis the two markers were partitioned as separate subsets, with topology linked across subsets, but with separate model parameters values for each. Nucleotide substitution models were chosen with MrModelTest (Nylander 2004) . Two parallel runs were executed with four incrementally heated simultaneous MCMC simulations over 2 million generations, with trees sampled at every 1000 generations. Parts of the trees were discarded in a burn-in stage, by observing the average standard deviation of split frequencies values, to estimate posterior probabilities (pp) and a consensus tree was reconstructed with the rest. Trees were visualized and edited in FigTree version 1.4.2 (http:// tree.bio.ed.ac.uk/software/figtree/). These data are also available in TreeBASE under ID 18307. 
Molecular results
We were able to generate LSU, atp6 and ITS sequences from the Brazilian specimens (Table 1 , in bold). The concatenated matrix of LSU and atp6 had 1250 positions (584 LSU, and 666 atp6). In the MP analysis, 761 positions were constant, 117 parsimony-uninformative and 372 parsimony-informative. Parsimony tree scores were identical for all the trees: consistency index (CI) = 0.496, retention index (RI) = 0.702 and homoplasy index = 0.504. The nucleotide substitution model selected by MrModel was GTR+I+G, for both LSU and atp6 analyses. Best likelihood ratings for each run were lnL1 = -8637.32 and lnL2 = -8677.50. The 50% majority-rule consensus Bayesian tree is shown in Fig.  1 . This consensus tree had almost identical topology as the MP consensus tree (available on TreeBase, ID 18307); the boostrap values are indicated on the branches of the 50% majority-rule consensus tree (Fig. 1) .
According to our analyses, the genus Mutinus is monophyletic with strong support (pp = 1.0; bs = 90%) and the sequences obtained from Brazilian specimens (UFRN-Fungos 2025) are included in the Mutinus clade. Based on molecular analyses and morphological data, a new Mutinus species is here described.
Taxonomy
Mutinus albotruncatus B.D.B. Silva & Baseia, sp. nov. (Fig. 2, 3 and 4) MycoBank no.: MB 812516
Etymology:-albotruncatus refers to the white pseudostipe and truncated apex. Unexpanded basidiome (egg) fabiform to reniform to ellipsoid (Fig. 2a, 3b) , 6-17 mm height × 5-8 in diameter, epigeous. Exoperidium membranaceous, smooth, white, orangy white (5A2) to greyish orange (6B3), with several white central rhizomorphs emerging from the base. Endoperidium gelatinous, hyaline. Expanded basidiome formed by pseudostipe and volva (Fig. 3a) . Pseudostipe cylindrical, 50-70 mm height × 4-6 mm diameter, apically perforate, hollow, spongy; sterile portion white, straight, not chambered (Fig. 2f) ; fertile portion light brown (6D4), slightly thick, doliform to cylindrical, truncated (Fig. 2b-2d ), slightly rugulose (Fig. 2e ), 14-22 mm high, covering about 1/3 of the total length of pseudostipe. Gleba covering and confined to the upper region of the pseudostipe, mucilaginous, olive green (3E3) to olive grey (3E2).
Basidiospores 3.8-5.0 × 2.2-2.5 µm, ellipsoid (Fig. 4a) , smooth, hyaline to slightly greenish in 5% KOH. Pseudostipe composed of pseudoparenchymatous cells, hyaline, irregular shaped, 20.2-57.3 × 17.8-47.1 µm (Fig.  4b) . Volva formed by filamentous hyphae, septate, branched, hyaline, 2.2-4.5 µm diameter (Fig. 4c) . Rhizomorphs composed of filamentous hyphae, septate, hyaline, 1.4-3.6 µm diameter (Fig. 4d) .
Habitat:-growing on decaying wood. Distribution:-State of Ceará, Brazil. Remarks:-The presence of a white pseudostipe, a brown, doliform to cylindrical and truncated fertile portion, and the lignicolous habitat differentiate Mutinus albotruncatus from other species in the genus. The apical region of the pseudostipe of M. albotruncatus resembles species of the genus Phallus, due to the truncated region and the thick surface which give the appearance of a receptacle. However, an in-depth analysis of the morphology revealed that M. albotruncatus does not have a receptacle. The brownish color of the fertile portion resembles M. zenkeri Henn. E. Fischer (1900: 47) . However, M. zenkeri is differentiated by having an incomplete and brittle membrane on which the gleba is located (Dring & Rose 1977 , Degreef et al. 2013 . Mutinus annulatus F. M. Bailey (1895: 10) , M. borneensis, M. boninensis Lloyd (1908: 402) , M. caninus var. albus Zeller (1944: 263) and M. proximus Berkeley ex Massee (1891: 94) also have a pseudostipe with a white sterile portion. M. annulatus (Lloyd 1909 ) is distinguished by an annulated base and red-ochre color of the fertile portion of the pseudostipe, M. borneensis (Lloyd 1909 , Grgurinovic 1997 ) has a shorter and salmon pink or red fertile portion, M. boninensis (Lloyd 1909 , Kobayasi 1937 ) has a fertile portion with pointed apex and it is completely annulated, M. caninus var. albus (Zeller 1944 ) has a red and glabrous fertile portion and M. proximus has an obtuse and imperforate apex, as well as a pseudostipe with an orange-red fertile portion. Mutinus rugulosus (recorded from the state of Rio Grande do Sul, Brazil (Rick 1929 (Rick , 1961 ) also has a white pseudostipe but it is a species with little information in its protologue. The only information provided is a comparison to M. bambusinus, with M. rugulosus having larger basidiomes and a white pseudostipe (Rick 1929) . There are many species of the genus Mutinus that need to be reviewed. Some features are lost when the material is dry and this complicates the analysis of the specimens. Moreover, as in M. rugulosus, there are some species with little information in their protologues: M. bicolor Léveillé (1855: 109) , M. coracoideus Kawamura (1929: 300) , M. granulatus E. Fischer (1927: 472) , M. proximus, M. quadrigenus Sawada (1931: 330) ; and, in some cases, they have been only recorded a single time from their type locality. Based on our survey, we accept 21 species in the genus Mutinus (Table 2) , including the new species here described. A provisional key is provided for the Mutinus species, excluding M. coracoideus, M. granulatus, M. quadrigenus and M. rugulosus on account of the lack of information in their protologues and because it was not possible to review the types.
Provisional key to Mutinus species
1.
Fertile portion of the pseudostipe smooth or rugulose (Section Glabrosi) or covered with irregular pseudoparenchymatous processes, appearing granular or pseudo-reticulate (Section Granulosi 
